ABSTRACT:. It is already well established that, Pond ash is a suitable road embankment material. However, the material has not been investigated in India, to study its feasibility for construction of railway embankment. Pond ash, local soil were collected from National Thermal Power Station (NTPC), Kahalgaon, Bihar, India. The materials were investigated in the laboratory for their geotechnical characteristics. Design specifications of pond ash railway embankment were decided based on Research Development and Standard Organization (RDSO) guidelines. Design cross sections for construction were arrived at by considering the erodibility of pond ash, drainage aspects and prevailing site conditions. Stability analysis of pond ash railway embankment was carried out, considering the expected train load, seismic factors, and water logged conditions. The research paper discusses different geotechnical properties of pond ash, local soil used for construction, design cross sections of varying heights and results of stability analysis. It was concluded that pond ash has potential for use in railway embankment.
INTRODUCTION
About 120 million tons of pond ash is produced in India and only about 25% is utilized for Roads, Buildings and other Civil engineering applications. Bulk utilization of Pond ash is being carried out for road embankment construction in the ongoing massive road development programs taken up by the Government of India viz. National Highway Development Program (NHDP) and Pradhan Mantri Gram Sadak Yojana (PMGSY). India has the second largest railway network in the world. The utilization of pond ash in railway embankment not only increases substantially, the per cent utilization, but also provides an alternative to costly good earth and protects the environment. In this context, a pilot project has been taken up to construct 10 km of pond ash railway embankment within the National Thermal Power Corporation (NTPC) plant area, Kahalgaon, Bihar, India. The paper discusses, laboratory geotechnical characterization of different fill materials , design cross sections, the results of stability analysis and technical specifications for construction of railway embankment.
MATERIALS
Pond ash samples were collected from the pond area at different locations, from NTPC, Kahalgaon. Soil samples were collected along the proposed railway embankment alignment i.e. Hurra connection of NTPC Kahalgaon MGR. The thoroughly mixed samples of pond ash and soil were used for laboratory investigations.
GEOTECHNICAL CHARACTERISTICS OF POND ASH AND LOCAL SOIL
To study the geotechnical characteristics of collected pond ash and soil, different laboratory experiments were carried out which include (a) Grain size analysis (b) Atterberg limit tests (c) Specific gravity test (d) Proctor compaction test (e) Direct shear test, and (f) Permeability test. The results have been discussed below:
Grain Size Analysis
Grain size analysis of pond ash and soil sample was carried out as per IS: 2720 (Part 4). Pond ash is a coarse grained material with only about 33% of the material passing through 75micron IS sieve. The soil is observed to be fine grained material. The particle size distribution curves for pond ash and soil are shown in Fig.1 . According to BIS-1498, pond ash is classified as SM i.e. silty sand mixture and local soil is classified as CI i.e. inorganic clay and silts of medium plasticity.
Specific Gravity Test (G)
Specific gravity test was carried out as per IS 2720 (part 3). The value of specific gravity is obtained as 2.29 and 2.67 for pond ash and soil respectively. Pond ash has low specific gravity as compared to soil. 
Direct Shear Test
Direct shear test was carried out on compacted sample of size 60 mm x 60 mm x 25 mm as per IS: 2720 (Part 13). The test was carried out on samples compacted at 95% to its modified Proctor dry density. All the samples were tested under the saturated condition. The normal stress varied in the range of 50 to 150 kN/m 2 . The sample was sheared at a rate of 0.25 mm/min to simulate the drained condition. All the samples bulged before failure. The cohesion (c) and angle of internal friction ( ) are obtained as 0 kN/m 2 and 31 0 for pond ash; and 51 kN/m 2 and 16 0 for soil, respectively. The value of angle of internal friction for pond ash (31 0 ), indicated its suitability for railway embankment construction.
Permeability Test
Permeability test was carried out on compacted pond ash as per IS: 2720 (Part 17). Remolded samples were prepared at modified dry density. The coefficient of permeability was 2.6x10 -6 m/sec for pond ash and 2.4x10 -8 m/sec for soil respectively. The value of the permeability of pond ash indicates that it is a free draining material and has the potential for its utilization as an railway embankment fill. The value of the permeability for soil indicates that it has poor drainage property. Summary of geotechnical properties of coal ash and soil are given in Table 1 . 
TECHNICAL DESIGN SPECIFICATIONS FOR POND ASH RAILWAY EMBANKMENT
Railway embankment is much different from highway embankment especially from the point of view of the drainage and loading condition on the embankment. The cross sections of railway embankment have to be designed in such a way that differential settlement of the embankment shall be minimum. This would ensure proper level of sleepers/rails which is very much needed for smooth movement of train traffic. Coal ash embankment of different heights 3m, 5m, 7m and 11m were designed considering different material specifications and sub soil characteristics. The same has been briefly explained below:
Fill Material
Pond ash which was collected from NTPC, Kahalgaon was used as a railway embankment fill material. 
Design and stability analysis of pond ash railway embankment
Cover soil thickness and slope was adopted as 2.24m (horizontal) and 1V:2H respectively. For pond ash embankments having height more than 3m height, intermediate layers of thickness 0.4m are provided for better confinement and compaction. 
Blanket material

Provision of Berm
Berm is provided when the height of the embankment exceeds 6m. A 2m thick berm having a slope of 2H: 1V is provided to increase the stability of higher height pond ash railway embankments. The soil used for berm is same as that used for cover soil.
Toe Wall
Toe wall made of fly ash bricks is proposed at the toe of the coal ash embankment of different heights. This is helpful to reduce the possible scour of embankment at the toe portion. The height of wall proposed is 1m and having a weep hole covered with geotextile. The weep hole, drains the accumulated water in the sand layer provided at the bottom of the embankment.
DRAINAGE MEASURES FOR POND ASH RAILWAY EMBANKMENT
There is every possibility of heavy inflow of water into the railway pond ash embankment. The ingressed water should be able to drain out from the embankment to avoid development of pore water pressure. To accomplish the same, following drainage provisions are proposed within the railway embankment:
Geotextile wrapped 0.4m thick sand layer is provided over each intermediate soil layers. This starts from slope of the embankment and end at 2m inside the pond ash embankment. This would ensure proper drainage of each confined cell of pond ash embankment, compensating for the poor drainage characteristics of local cover soil.
A 0.3 m layer of sand is provided at the bottom of pond ash embankment on the virgin in-situ compacted soil. This layer would further facilitate the dissipation of pore water pressure due to (a) Infiltration of water from the top of the embankment (b) Water entering the embankment by capillary action. A typical design cross section for a 3m height pond ash railway embankment is shown in Fig.3 .
STABILITY ANALYSIS
Stability analysis of pond ash railway embankment of varying heights viz. 3m, 5m, 7m and 11m height were carried out to evaluate their safety under surcharge load, saturation and seismic conditions . The safe load due to traffic on the railway embankment was considered as 250 kPa on the top of blanket surface of railway embankment. This load was applied at distance of 2.5m (1.25 m on either side) on the centre of the embankment. This load was decided after the centrifuge model study by IIT Mumbai under steady seepage condition. Distress in the model was observed after a load of 250 kPa.
Stability analysis was carried out considering the coal ash embankment to be under (a) Partially saturated (b) Fully saturated and (c) and sudden draw down conditions. Analysis was carried out with and without seismic factors for all the saturation conditions. As discussed earlier, a load of 250 kPa is applied over a length of 2.5m on centre of embankment. Analysis was carried out considering the seismic forces in the horizontal and vertical direction. The basic seismic coefficients considered in the analysis are h = 0.05 (horizontal) and v =0.025 (vertical) as per BIS code of practice. Factor of safety values for different heights of embankments are given in Table 2 and 3 . Typical stability analysis with critical slip circle for a 7m height coal ash embankments is shown in Fig. 4 .
Factor of safety values from the stability analysis indicated that different heights of railway embankments are safe under specified loading, saturated and seismic conditions. From the analysis it is observed that, effect of load is significant on lower height railway embankments as compared to higher height embankments. The factor of safety values for 3m and 5m height embankments are lower and observed to be in the range of 1.02-1.31 whereas these values ranged between 1.11-1.72 for 7m and 11m height embankments for different conditions. The saturation condition of the pond ash railway embankment also had an effect on stability values. The sudden draw down conditions resulted in least factor of safety values. The seismic indicated that different heights of railway embankments are safe under specified loading, saturated and seismic conditions. From the analysis it is observed that, effect of load is significant on lower height railway embankments as compared to higher height embankments 8. Pond ash has potential for use as a fill material in railway embankment.
FURTHER STUDY
Pilot experimental test section of limited length (10 km) using pond ash has been planned to be constructed at NTPC Kahalgaon, Bihar, India. The performance of the instrumented railway embankment would be monitored over a period of at least two monsoon seasons before recommending for large scale field applications.
